P atients with diabetes mellitus undergoing percutaneous coronary intervention with bare metal stents have higher rates of angiographic and clinical restenosis than patients without diabetes mellitus. 1, 2 Compared with bare metal stents, drug-eluting stents (DES) have been shown to be safe 3 and to result in greater absolute reductions in target lesion revascularization (TLR) and target vessel revascularization in patients with versus those without diabetes mellitus. 4 -6 However, whether the presence of diabetes mellitus differentially affects the relative clinical outcomes with different types of DES is a matter of considerable debate. Most prior studies have shown comparable rates of angiographic in-stent late loss and clinical restenosis with paclitaxel-eluting stents (PES) in patients with versus without diabetes mellitus. 7 In contrast, whether the relatively greater suppression of neointimal hyperplasia observed from stents that elute rapamycin analogs (such as sirolimus or everolimus) is preserved in patients with diabetes mellitus is unsettled. In this regard, several small to moderate-sized studies have provided conflicting results. 8, 9 Moreover, none of these prior trials was powered to deter-mine whether there are differences in safety outcomes between different DES according to the presence of diabetes mellitus.
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The outcomes of patients undergoing percutaneous coronary intervention with PES compared with everolimuseluting stents (EES) have been examined in 4 prospective randomized trials that have demonstrated that EES is both safer and more effective over a broad cross section of patients and lesion types. 10 -15 We therefore pooled the databases from these 4 trials to determine whether an interaction exists between the presence of diabetes mellitus and treatment with EES compared with PES.
Methods

Study Protocols
The features of the Clinical Evaluation of the Xience V Everolimus Eluting Coronary Stent System in the Treatment of Patients With De Novo Native Coronary Artery Lesions (SPIRIT) II, SPIRIT III, SPIRIT IV, and A Trial of Everolimus-Eluting Stents and PaclitaxelEluting Stents for Coronary Revascularization in Daily Practice (COMPARE) trials are shown in Table 1 . As previously described, 10 -15 each study was a prospective, randomized, single-blind trial of EES versus PES. Randomization in the SPIRIT II, SPIRIT III, and SPIRIT IV trials was stratified by the presence of medically treated diabetes mellitus. The PES platform used in the SPIRIT trials was the TAXUS EXPRESS; the TAXUS Liberté was used in COMPARE. The SPIRIT trials enrolled patients with simple and moderately complex coronary artery disease, excluding patients with acute or recent myocardial infarction and difficult or high-risk lesions such as chronic total occlusions, true bifurcations, and lesions in the left main coronary segment or a saphenous vein graft. In contrast, COMPARE was an "all-comers" trial, excluding from randomization only patients unable to comply with dual antiplatelet therapy or study procedures, those who required major surgery within 30 days, and those who were unable to provide informed consent. A proportion of enrolled patients underwent protocolspecified routine angiographic follow-up in the SPIRIT II and SPIRIT III trials, whereas only clinical follow-up was performed in the larger SPIRIT IV and COMPARE trials (Table 1) . Follow-up is planned for 5 years in each trial and is currently complete through 2 years in all 4 studies.
End Points and Statistical Methods
For the present analysis, the databases from the 4 trials were pooled to provide a patient-level analysis. The principal end points of interest included safety parameters (principally cardiac death, myocardial infarction [MI] , and stent thrombosis according to the Academic Research Consortium definition of definite or probable) 16 ; efficacy parameters, including ischemia-driven TLR; and major adverse cardiac events (MACE), a composite measure of safety and efficacy consisting of cardiac death, MI, or ischemia-driven TLR. Other end points examined included all-cause mortality, Q-wave and non-Q-wave MI, and ischemia-driven target vessel revascularization. The definitions used for the end points assessed in the present analysis were similar in the SPIRIT and COMPARE trials. 10 -15 Events as adjudicated in each trial were used for the pooled analysis. All end points were assessed at 2 years.
Outcomes of patients randomized to EES versus PES were evaluated stratified by the presence of medically treated diabetes ITT indicates intention to treat; EES, everolimus-eluting stent; PES, paclitaxel-eluting stent; LL, late loss; TVF, target vessel failure (cardiac death, myocardial infarction, or target vessel revascularization); TLF, target lesion failure (cardiac death, target vessel-related myocardial infarction, or target lesion revascularization); MACE, major adverse cardiac events (all-cause death, myocardial infarction, or target vessel revascularization); and RVD, reference vessel diameter. *Medically treated; 9 patients in whom the diabetic status before enrollment was unknown were excluded. †Patients in all trials were also excluded if unable to take an extended course of dual antiplatelet therapy. ‡Including acute or recent myocardial infarction, left ventricular ejection fraction Ͻ30%, lesions that were in a bypass graft conduit, occluded lesions, bifurcations (minor bifurcations were included in SPIRIT IV), ostial lesions (ostial right coronary artery lesions were included in SPIRIT IV), severe calcification, or tortuosity.
mellitus. All analyses are by intention to treat. Categorical outcomes were compared by the 2 test, unless the expected number of values in any cell of the 2ϫ2 contingency table was Ͻ5, in which case the Fisher exact test was used. Continuous variables are presented as meanϮSD and were compared by the t test. Cumulative event rates were determined from time-to-event data (for which patients were censored at the time of withdrawal from the study or at last follow-up), are displayed through the use of Kaplan-Meier plots, and were compared by use of the log-rank test. A 2-sided ␣ϭ0.05 was used for all superiority testing.
Multivariable analyses were performed with the use of stepwise logistic regression to adjust for differences in baseline variables. The following variables were entered into the multivariable models: age, sex, hypertension, hyperlipidemia, prior MI, prior percutaneous coronary intervention, prior coronary artery bypass graft surgery, presentation with acute coronary syndromes, number of treated lesions, and randomization to EES versus PES. Formal interaction testing was performed to determine whether the presence of diabetes mellitus influenced the relative risk of EES versus PES for the occurrence of safety or efficacy end points at 2 years. Among patients with medically treated diabetes mellitus, possible interactions between insulin treatment and stent type were also examined. Poolability across the 4 trials was confirmed for the 2-year measures of cardiac death, cardiac death or MI, MACE, and stent thrombosis (for the study-by-treatment interaction, Pϭ0.53, Pϭ0.91, Pϭ0.83, and Pϭ0.32, respectively). Poolability of the 3 SPIRIT trials versus the COMPARE trial was also confirmed for these end points (for the study-by-treatment interaction, Pϭ0.15, Pϭ0.84, Pϭ0.91, and Pϭ0.16, respectively). All statistical analyses were performed with SAS version 9.1.3 (SAS Institute, Inc, Cary, NC).
Results
Patients, Procedures, and Overall Impact of Diabetes Mellitus
Of the 6789 patients enrolled in the SPIRIT II, SPIRIT III, SPIRIT IV, and COMPARE trials, diabetic status at the time of admission was known for 6780 patients (99.9%), 1869 (27.6%) of whom had medically treated diabetes mellitus ( Table 1 ). As shown in Table 2 , the 2-year rates of all-cause and cardiac mortality, ischemia-driven target vessel revascularization, stent thrombosis, and MACE were significantly greater in patients with versus without diabetes mellitus.
Among patients with diabetes mellitus, 1188 were randomly assigned to EES and 681 were randomly assigned to PES. Among patients without diabetes mellitus (nϭ4911), random assignment to EES and PES occurred in 3056 and 1855 patients, respectively. The baseline clinical and angiographic characteristics of the stent-assigned patients in each group were well matched (Table 3) . Patients assigned to EES compared with PES had hyperlipidemia more frequently and fewer totally occluded lesions. Among patients without diabetes mellitus, those assigned to EES had hypertension more frequently, were less likely to present with acute coronary syndromes or with thrombotic or calcified lesions, and had slightly shorter lesion length.
Clinical Outcomes
As shown in Figure 1 and Table 4 , patients without diabetes mellitus randomized to EES rather than PES had significantly lower 2-year rates of mortality, MI, stent thrombosis, ischemia-driven TLR and target vessel revascularization, and MACE. In contrast, there were no significant differences in any measured parameters of safety or efficacy in patients with diabetes mellitus randomized to EES versus PES. These findings were unchanged after multivariable correction for differences in baseline characteristics (Table 5) . Statistically significant interactions were present between diabetic status and stent type for the end points of MACE (Pϭ0.0009), MI (Pϭ0.01), stent thrombosis (Pϭ0.0006), and ischemia-driven TLR (Pϭ0.02) but not for cardiac death (Pϭ0.25).
Influence of Insulin Treatment
Of the 1869 patients with diabetes mellitus at baseline, 494 (26.4%) were treated with insulin. Among patients treated with EES, a gradient was present so that the 2-year rates of most adverse events were greatest among insulin-treated diabetic patients, intermediate in non-insulin-treated diabetic patients, and lowest in nondiabetic patients (Figure 2, top) . In contrast, among patients treated with PES, the 2-year rates of adverse events were independent of diabetic status or insulin treatment (Figure 2, bottom) . Among patients with diabetes mellitus, there were no significant differences in the 2-year rates of cardiac death, MI, or stent thrombosis for patients randomized to EES versus PES, regardless of treatment with insulin (Table 6 ). However, ischemia-driven TLR was reduced among non-insulin-treated diabetic patients assigned to EES compared with PES (3.7% versus 6.3%; Pϭ0.04) but not in insulin-treated diabetic patients, in whom a trend was present for less TLR with PES (10.8% versus 5.5%; Pϭ0.08). Thus, a significant interaction was present in diabetic patients between the use of insulin and stent type for the occurrence of ischemia-driven TLR at 2 years (Pϭ0.01).
Discussion
The major findings from the present analysis, the largest study to date evaluating the relative safety and efficacy of different DES types stratified by the presence of diabetes mellitus, are (1) that a significant interaction was present between diabetic status and treatment with EES compared with PES on the relative risk of 2-year clinical outcomes, reflecting measures of both safety and efficacy; (2) that in patients without diabetes mellitus, treatment with EES compared with PES reduced the 2-year rates of death, MI, stent thrombosis, ischemia-driven TLR, and MACE, whereas in patients with diabetes mellitus, there were no significant differences in clinical outcomes at 2 years between the stent types; and (3) that an additional interaction was identified among patients with diabetes mellitus so that the 2-year rate of ischemia-driven TLR was reduced with EES compared with PES in those not requiring insulin, whereas the opposite trend was observed in those who were treated with insulin.
With 1869 randomized diabetic patients (larger than the SPIRIT II, SPIRIT III, and COMPARE trials individually) and 4911 randomized nondiabetic patients, the present analysis is of sufficient magnitude to examine the outcomes of patients with diabetes mellitus randomized to EES versus PES and to examine whether significant interactions exist between the presence of diabetes mellitus and clinical outcomes according to randomly assigned stent type. Highly statistically significant interactions were demonstrated between diabetes mellitus and stent type for the 2-year clinical end points of MI, stent thrombosis, TLR, and MACE. In patients without diabetes mellitus, significant improvements in nearly all measured safety and efficacy end points were present after treatment with EES compared with PES. Perhaps most striking is the observation that in patients without diabetes mellitus, stent thrombosis to 2 years occurred in only 0.3% of patients with EES compared with 2.4% of patients with PES (PϽ0.0001). Conversely, no significant differences were observed at 2 years in the rates of any clinical outcomes (either efficacy or safety) after EES versus PES treatment in patients with medically treated diabetes mellitus, including stent thrombosis.
The difference in the relative rates of TLR according to stent type and diabetic status is consistent with the angio- graphic substudy findings from the SPIRIT III study, in which the median difference in in-segment late loss at 8 months in favor of EES compared with PES was 0.15 mm in patients without diabetes mellitus but only 0.06 mm in patients with diabetes mellitus. 12 Moreover, prior studies with PES have shown comparable angiographic and clinical rates of restenosis in patients with and without diabetes mellitus. 7 These data may reflect the different mechanisms of action through which paclitaxel and rapamycin analogs reduce restenosis. By disrupting microtubular function, paclitaxel interferes with multiple pathways of restenosis (including smooth muscle cell proliferation and migration, extracellular matrix production, and cell-to-cell signaling); thus, its effects appear to be relatively independent of the diabetic state. 17 In contrast, the mechanism of rapamycin is limited to interfering with cellular mitosis, a process tightly regulated by glycosylation-dependent enzymes. 18 Even more unexpected than the observed differences in TLR were the significant interactions present for the relative risks of MI and stent thrombosis between EES and PES according to the presence of diabetes mellitus. Although the increase in restenosis observed in diabetic compared with nondiabetic patients with EES (but not PES) may in part have contributed to its greater rate of MI in this cohort, 19 this mechanism is unlikely to completely explain the loss of the safety benefit for EES in the diabetic group. Further studies are required to elucidate the mechanisms underlying the higher rates of MI and stent thrombosis in diabetic patients treated with EES but not PES.
Among patients treated with EES, an apparent gradient of effect was observed so that the 2-year rates of most adverse events were lowest in nondiabetic patients, intermediate in non-insulin-treated diabetic patients, and highest in insulintreated diabetic patients. Conversely, in patients treated with PES, no such relationships were apparent, and measures of both safety and efficacy occurred with similar frequency regardless of diabetic status or treatment. Furthermore, among medically treated diabetic patients, although the relative risk of safety end points (cardiac death, MI, and stent thrombosis) did not vary significantly between stent type according to insulin treatment, a significant interaction was observed between insulin use and stent type on the 2-year risk of ischemia-driven TLR. Treatment with EES (versus PES) was associated with a significant reduction in TLR among non-insulin-treated diabetic patients, whereas a nonstatis- tically significant trend toward an increase in TLR with EES was observed in diabetic patients treated with insulin (P interaction ϭ0.01). Further investigation is required to determine whether this observation may be explained by either inherent differences between the insulin-deficient versus -resistant state on the antirestenotic effects of rapamycin analogs or a direct inhibitory effect of insulin on the vascular response to rapamycin analog-eluting stents. Also of note is the observation that the 2-year rates of cardiac death, MI, and stent thrombosis were numerically but nonsignificantly lower after EES versus PES implantation in patients with insulintreated diabetes mellitus, despite the directionally opposite increase in TLR. Larger studies are required to determine whether these directionally opposite trends in safety and efficacy reflect true differences between the stent types in insulin-treated diabetic patients or are due to chance.
Several limitations of the present study should be considered. As a post hoc analysis from 4 pooled, randomized trials, the results should be considered hypothesis generating. In particular, although with 1869 patients the present study is the largest randomized DES study to date in patients with diabetes mellitus, the sample size remains inadequate to exclude small differences between the 2 stent types in the diabetic cohort (whether favoring PES or EES). Given the observed event rates, a very large randomized trial (Ͼ5000 patients) restricted to patients with diabetes mellitus would be required to determine whether meaningful differences in safety outcomes between EES and PES exist in this cohort. Conversely, the clinical outcomes observed in the nondiabetic group demonstrating statistical superiority in numerous safety and efficacy end points with EES compared with PES are consistent with the primary results from each of the individual trials and do not require replication. Moreover, although the present study was adequately powered for interaction testing between stent type and diabetes mellitus versus no diabetes mellitus, sufficient power to uncover all significant interactions in the diabetic cohort according to insulin treatment may not have been present. As expected in analyses of subgroups, small differences in baseline characteristics in the randomized stent groups were present, although the results regarding clinical outcomes were not altered by multivariable adjustment. Similarly, the results of the present study were consistent for both PES platforms (TAXUS Express and TAXUS Liberté) for the end points analyzed. The present analysis was restricted to data available at 2 years after stent implantation. Longer-term follow-up is necessary to determine whether meaningful differences between the stent types in diabetic patients will emerge over time. Finally, the present study results specifically apply only to the comparison of PES with EES (and not necessarily to other rapamycin analogeluting stents). In this regard, a previously reported metaanalysis of 5 modest-sized randomized trials of sirolimuseluting stents versus PES in diabetic patients suggested a reduction in angiographic and clinical restenosis with sirolimus-eluting stents, although with comparable rates of cardiac death, MI, and stent thrombosis. 20 This study, however, did not include stratified subgroup diabetic data from other large trials in which there were no significant differences in the repeat revascularization rates between these 2 stents. 6, 8 Our study also showed a reduction in TLR with EES compared with PES in non-insulin-treated diabetic patients. Larger studies are thus warranted to determine whether the findings from the present analysis in diabetic patients are generalizable to all stents eluting rapamycin analogs, especially in those treated with insulin. Because the EES is currently the most commonly used stent in the United States and Europe, the clinical implications of the present study require careful consideration. In patients without diabetes mellitus who undergo percutaneous coronary intervention, treatment with EES compared with PES provides considerable benefit with respect to freedom from death, MI, stent thrombosis, and recurrent ischemia necessitating repeat TLR procedures. Thus, EES should clearly be preferred over PES in nondiabetic patients. In patients with diabetes mellitus, 2-year outcomes in the present study did not vary substantially after treatment with EES compared with PES, suggesting clinical equipoise between the devices. For those using EES routinely in patients with and without diabetes mellitus, the current analysis does not require a change in practice, especially because the present study suggests that EES compared with PES may reduce ischemia-driven TLR in non-insulin-treated diabetic patients. Further studies are required to determine the optimal stent choice for patients with insulin-treated diabetes mellitus.
Sources of Funding
The SPIRIT II, III, and IV trials were funded by Abbott Vascular. The COMPARE trial was funded by research grants from Abbott Vascular and Boston Scientific. The analysis presented here was funded in part by a research grant from Abbott Vascular. Figure 2 . Two-year rates of adverse events according to diabetic status (no vs non-insulin-treated vs insulin-treated diabetes mellitus) in patients randomized to everolimus-eluting stents (EES; top) and paclitaxel-eluting stents (PES; bottom). TLR indicates target lesion revascularization; MACE, major adverse cardiac events. 
